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OPTICAL ASSEMBLY 

Field of the Invention 

This invention relates to optical assemblies^ and in particular to assembly structures 
which improve the detection of light from an optical device mounted on a substrate , as well as a 
method of forming such assemblies, and a transmitter and an optical network incorporating such 
assemblies. 

Background of the Invention 

Optical networks are the subject of inaeasing interest in telecommunications primarily due 
to their immense information handling capacity. One of the key elements of such a network is the 
wavelength tunable laser which allows the emission of several wavelengths from a single laser, 
and thereby provides multiple channels for transmission. In at least one form of the laser, light 
from the backface of the laser is used to lock the laser light onto the desired wavelengths. 

In many types of present optical assemblies, the laser is moionted on a substrate, which is 
usually silicon, along with a lens near the front face, and a photodetector near the back face. A 
channel is used to reflect light from the back face onto the photodetector for monitoring the back 
face light. (See, e.g., U.S. Patent No. 5,881,193 issued to Anigbo, which is incorporated by 
reference herein.) A problem arises when the same type of substrate is used in an assembly where 
the back face light is employed for locking the light emission wavelength, as opposed to simply 
monitoring the back face light intensity. A photodetctor array used for locking is placed adjacent 
to the chaimel, and receives both direct light from the back face and reflected light from the 
channel. The secondary ''beamlets" can corrupt the wavelength monitormg signal, which reduces 
the ability to lock the output wavelength of the laser. A different type of substrate might be 
employed, but it is more economical for most manufacturers to continue using the same type of 
substrate used for other devices. 

It is desirable, tberefore, to provide an assembly which increases the quality of the detected 
back face light for locking the wavelength of the emitted light and for other uses. 
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Summary of the Invention 

The invention, in accordance with one aspect, is an optical assembly including a 
substrate, a light emitting device mounted over a major surface of the substrate and having a face, 
at least one channel formed in the substrate near the back face of the light emitting device, and at 
5 least one photodetector optically coupled to the light emitted from the face. The channel includes 
at least one surface adapted to receive a portion of the face light and reflect it away from the 
photodetector so that the photodetector receives primarily direct light from the back face. 

Brief Description of the Figures 

These and other features of the invention are delineated in detail in the following 
1 0 description. In the drawing : 

Fig 1 is a schematic diagram of a portion of an optical network including an optical 
assembly in accordance with an embodiment of the invention; 

Fig 2 is a cross sectional view of a portion of an optical assembly in accordance with an 
embodiment of the invention; and 

Fig, 3 is a plan view of a portion of the assembly illustrated in Fig. 2, 

It will be appreciated that, for purposes of illustration, these figures are not necessarily 
drawn to scale. 

Detailed Description 

Fig 1 illustrates a portion of a typical optical network incorporating principles of the 
20 invention. An optical transmitter, 15, provides an optical signal which is transmitted over an 
optical fiber, 12, to a receiver, 13, where the optical signal is converted to an electrical signal. 
Amplifiers (not shown) such as Erbium-doped fiber amplifiers, , as well as other elements, can 
also be included between the transmitter, 15, and the receiver 13. 

The transmitter, 15 includes a source, 1 1, of the optical signal, which may include a 
25 semiconductor laser or other optical device. The laser typically emits the light signal JBrom a front 
face and also emits light from a back face. The back face light is coupled to a device, 12, where 
transmission is wavelength dependent such as a Fabry-Perot etalon, such that the optical output of 
the filter is a function of the wavelength of the back face light. The output of the filter is optically 
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coupled to one or more photodetectors, 13, which convert the light to an electrical signal. The 
resulting electrical signal is coupled to a wavelength control circuit, 14, which produces an 
electrical signal in response to the photodetector signal. The output from the wavelength control 
signal can be used, for example, to control the bias to the laser, or to control a thermo electric 
5 cooler to adjust either the bias or the temperature in order to lock the laser signal to desired 
wavelengths. In many systems, it may be desirable to split the back face signal into two beams, 
with one serving as a reference signal. The wavelengtti control circuitry may include analog 
and/or digital circuitry. 

Fig 2 illustrates an optical assembly, 20, which may be incorporated into the optical source, 
1 1, in accordance with an embodiment of the invention and Fig. 3 is a plan view of a portion of 
the optical assembly. The assembly includes a substrate, 21, which is preferably silicon or other 
crystallographic material. A light emitting device, 22, is prefaably mounted on the top major 
surface of the substrate. In this example, the device is a semiconductor laser, such as an Electro- 
absorption Modulated (EML) laser or a Distributed Feedback (DFB) laser, but could be other 
types of light emitting devices. The device preferably has a front face, 23, and a back face, 24, 
from which light is emitted. The front face light usually comprises the signal light which is 
coupled to the network, while the back face light is used for determining the wavelength of the 
emitted light for purposes of locking the signal light to a desired wavelength. A modulator (not 
shown) which is integral with the laser, as in an Electroabsorption Modulated Laser, or separate 
therefrom, can also be included on the top surface, 

A spherical lens, 25, (ball lens) is preferably mounted within a channel, 26, etched in the 
subsfrate surface in close proximity to the laser, 22. The lens, 25 ftmctions to coUimate the light 
emitted from the front face so that the light can be coupled to the optical fiber (12 of Fig 1). 
Desirably, an optical isolator (not shown) may be placed between the lens 25 and the fiber. 

25 At least one additional, and in this example, two channels, 28 and 29, were formed in the 

surface of the substrate in close proximity to, and in this example adjacent to, the rear face, 24, of 
the laser. It will be recognized that in certain prior designs, a v-channel was formed with sloping 
end wall so that light from the back face would be reflected from the bottom and end wall onto 
the major surface of a photodetector which was mounted on the top surface of the substrate 

30 extending over the channel. (See U.S. Patent No. 5,881,193, previously cited.) For purposes of 
locking, the photodetector, 13, preferably includes an array of photodetectors which receive light 
from different portions of an etalon, 12, through a coUimating lens, 27, all of which are mounted 
in a ceramic carrier, 40, in close proximity to the back face. In the presently preferred design, the 
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channels, 28 and 29, comprise at least two, V- grooves, with their vertexes, 30 and 31, essentially 
parallel to the rear face, 24, of the laser, 22. This provides at least one surface, and in this 
example two surfaces, 32 and 33, which are at an angle, e.g., 35.3, other than 90 degrees with 
respect to the rear face of the laser, and preferably no greater than 60 degrees to the rear face. 

5 Consequently, the surfaces, 32 and 33, are oriented such that light from the rear face which is 
propogated toward the channel, 27, represented by arrow 34, is reflected away from the 
photodetector, 13, while direct light, represented by arrows, 35, is incident upon the 
photodetector. In this embodiment, the first V-groove surface, 32, reflects most of the light 
propogating toward the substrate, 21, while the second V-groove surface, 33, reflects glancing 

10 light from the back face which propogates past the first V-groove. The photodetectors, therefore, 
receive primarily only direct light from the laser (i.e. non-reflected light) which enhances the 
quality of the detected light. Preferably, the light received by the photodetectors is at least 97 
percent direct light. One effect of the V-grooves, therefore, is to act as an integral beam dump 
which deflects undesired portions of the beam from the field of view of the wavelength confrol 

15 circuifry (14 of Fig 1.) 

In a typical example, the major surface of the silicon substrate, 21 , lies in the <100> 
crystallographic plane, and the surfaces, 32 and 33, would lie in the <11 l>crystallographic planes 
as a result of the etching of the top surface. This forms an angle, 9, of approximately 3 5. 3 degrees 
with the back face. The light emitted from the back face usually covers a range of angles in the 
20 range 0-35 degrees. Light from the back face which is incident on the silicon in the V-grooves at 
an angle larger than the critical angle of silicon ( approximately 16 degrees) is reflected. Light 
incident at less than this angle is partially transmitted and partially reflected, but is still removed 
from the field of view of the photodetectors. An appropriate range of angles, 6, would be 10-75 
degrees, 

25 The assembly, 20, may be fabricated generally by standard bonding and etching techniques. 

The channels, 27 and 28, may be formed for example using a photoresist mask and wet etching. 

Various modifications of the invention as described are possible. For example, the 
undesired light need not be reflected upward as shown, but could be reflected in other directions 
by an appropriate choice of the orientation of the reflecting surfaces, 32 and 33, as long as the 
30 light is reflected away from the photodetector. It should also be understood that the term '*V- 
groove" includes truncated forms of the V-grooves illustrated in Fig 1, i.e. the bottom of the 
groove is flat. 
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Claims 

What is claimed is: 

1 1 . An optical assembly comprising: 

2 a substrate; 

3 a light emitting device mounted over a major surface of the substrate and having a face; 

4 at least one channel formed in the substrate near the face of the light emitting device; and 

5 at least one photodetector optically coupled to the light emitted from the f ace, the chaimel 

6 including at least one surface adapted to receive a portion of the face light and reflect it 

7 away from the photodetector so that the photodetector receives primarily direct light from 

8 the face. 

1 2, The assembly according to claim 1 wherein the subsfrate comprises silicon. 

1 3. The assembly according to claim 1 wherein the light emitting device comprises a 

2 semiconductor laser. 

1 4, The assembly according to claim 1 wherein the channel comprises at least one V- 

2 groove formed in the subsfrate. 

1 5. The assembly according to claim 4 wherein the V- groove has a vertex which is 

2 essentially parallel to the face. 

1 6. The assembly according to claim 5 wherein the V-groove has a sloped wall facing the 

2 face which makes an angle within the range 10 to 75 degrees with the face. 

1 7. The assembly according to claim 4 wherein the subsfrate is silicon and the V-groove 

2 has surfaces in the <1 1 l>crystallographic plane. 

1 8. The assembly according to claim 4 wherein the channels comprise at least two V- 

2 grooves. 

1 9. The assembly according to claim 1 wherein the face is the back face of the device. 

1 10. An optical assembly comprising: 

2 a subsfrate comprising silicon; 

3 a semiconductor laser moxmted over a major surface of the subsfrate and having a back 

4 face; 
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5 at least one V-groove formed in the substrate near the back face of the laser, the groove 

6 including surfaces formed in the <1 1 l>aystallographic plane of the substrate; and 

7 an army of photodetectors optically coupled to light from the back face of the laser, 

8 at least one of the surfaces of the V-groove adapted to receive a portion of the light from 

9 the backface and reflect it away from the photodetectors so that the photodetectors receive only 
1 0 direct light from the back face, 

1 1 1 . An optical fransmitter comprising an optical assembly, an optical filter optically 

2 coupled to the assembly, at least one photodetector optically coupled to the filter, and control 

3 circuitry elecfrically coupled to the photodetector, the assembly comprising: 

4 a substrate; 

5 a light emitting device mounted over a major surface of the subsfrate and having a face; 

6 at least one channel formed in the subsfrate near the face of the Ught emitting device, the 

7 photodetector being optically coupled to the light emitted from the face, and the chaimel 

8 including at least one surface adapted to receive a portion of the face light and reflect it away 

9 from the photodetector so that the photodetector receives primarily direct light from the face. 

1 12. An optical network comprising a transmitter, an optical fiber optically coupled to the 

2 fransmitter, and a receiver optically coupled to the fiber, the fransmitter comprising an optical 

3 assembly comprising: 

4 a subsfrate; 

5 a light emitting device mounted over a major surface of the subsfrate and having a face; 

6 at least one channel formed in the subsfrate near the face of the light emitting device; and 

7 at least one photodetector optically coupled to the light emitted from the face, the channel 

8 including at least one surface adapted to receive a portion of the face light and reflect it away 

9 from the photodetector so that the photodetector receives primarily direct light from the back 

10 face. 
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1 1 3. A method of forming an optical assembly comprising the steps of: 

2 mounting a light emitting device having a face over a major surface of a substrate; 

3 mounting a photodetector so as to receive light emitted from the face; and 

4 forming a channel in the substrate in close proxinndty to the face, the channel including at 

5 least one surface adapted to receive a portion of the light from the face and reflect it away from 

6 the photodetector so that the photodetector receives primarily direct light from the face. 

1 14. The method according to claim 13 wherein the channel is formed by etching the 

2 major surface of the substrate. 

1 15. The method according to claim 14 where the etching forms at least one V-groove in 

2 the channel. 

1 1 6. the method according to claim 15 wherein the substrate is silicon, and the V-groove 

2 has walls in the <1 1 1> crystallographic plane of the substrate. 
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Abstract 

The invention, in accordance with one aspect, is an optical assembly including a 
substrate, a light emitting device mounted over a major surface of the substrate and having a back 
face, at least one channel formed in the substrate near the back face of the light emitting device, 
and at least one photodetector optically coupled to the light emitted from the back face. The 
channel includes at least one surface adapted to receive a portion of the back face hght and reflect 
it away from the photodetector so that the photodetector receives primarily direct light from the 
back face. 
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IN THE UNITED STATES 
PATENT AND TRADEMARK OFFICE 

Declaration and Power of Attorney 


As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am an original, first and joint inventor of the subject matter which is claimed 
and for which a patent is sought on the invention entitled Optical Assembly the specification of 
which is attached hereto. 

1 hereby state that I have reviewed and understand the contents of the above identified 
specification, including the claims, as amended by an amendment, if any, specifically referred to 
in this oath or declaration. 

I acknowledge the duty to disclose all information known to me which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 1 .56. 

I hereby claim foreign priority benefits under Title 35, United States Code, 119 of any 
foreign application(s) for patent or inventor's certificate listed below and have also identified 
below any foreign application for patent or inventor's certificate having a filing date before that of 
the application on which priority is claimed: 

None 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States 
application(s) listed below and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States application in the manner provided by the 
first paragraph of Title 35, United States Code, 112, I acknowledge the duty to disclose all 
information known to me to be material to patentability as defined in Title 37, Code of Federal 
Regulations, 1 .56 which became available between the filing date of the prior application and 
the national or PCT international filing date of this application: 

None 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

I hereby appoint the following attorney(s) with full power of substitution and revocation, 
to prosecute said application, to make alterations and amendments therein, to receive the 
patent, and to transact all business in the Patent and Trademark Office connected therewith: 
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Thomas J. Bean 
Lester H. Birnbaum 
Richard J. Botos 
Jeffery J. Brosemer 
Kenneth M. Brown 
Craig J. Cox 
Donald P. Dinella 
Guy H. Eriksen 
IVIartin I. Finston 
William S. Francos 
Barry H. Freedman 
Julio A. Garceran 
Jimmy Goo 
Anthony Grillo 
Stephen IVI. Gurey 
John M. Harman 
Matthew J. Hodulik 
Michael B. Johannesen 
Mark A. Kurisko 
Irena Lager 
John B. Maclntyre 
Christopher N. Malvone 
Scott W. McLellan 
Martin G. Meder 
John C. Moran 
Michael A. Morra 
Gregory J. Murgia 
Claude R. Narcisse 
Joseph J. Opalach 
Neil R. Ormos 
Eugen E. Pacher 
Jack R. Penrod 
Gregory C. Ranieri 
Scott J. Rittman 
Ferdinand M. Romano 
Eugene J. Rosenthal 
Bruce S. Schneider 
Ronald D. Slusky 
David L. Smith 
Ozer M. N. Teitelbaum 
John P. Veschi 
David Volejnicek 
Charles L. Warren 
Jeffrey M. Weinick 
Eli Weiss 


(Reg. No. 44528) 
(Reg. No. 25830) 
(Reg. No. 32016) 
(Reg. No. 36096) 
(Reg. No. 37590) 
(Reg. No. 39643) 
(Reg. No. 39961) 
(Reg. No. 41736) 
(Reg. No. 31613) 
(Reg. No. 38456) 
(Reg. No. 26166) 
(Reg. No. 37138) 
(Reg. No. 36528) 
(Reg. No. 36535) 
(Reg. No. 27336) 
(Reg. No. 38173) 
(Reg. No. 36164) 
(Reg. No. 35557) 
(Reg. No. 38944) 
(Reg. No. 39260) 
(Reg. No. 41170) 
(Reg. No. 34866) 
(Reg. No. 30776) 
(Reg. No. 34674) 
(Reg. No. 30782) 
(Reg. No. 28975) 
(Reg. No. 41209) 
(Reg. No. 38979) 
(Reg. No. 36229) 
(Reg. No. 35309) 
(Reg. No. 29964) 
(Reg. No. 31864) 
(Reg. No. 29695) 
(Reg. No. 39010) 
(Reg. No. 32752) 
(Reg. No. 36658) 
(Reg. No. 27949) 
(Reg. No. 26585) 
(Reg. No. 30592) 
(Reg. No. 36698) 
(Reg. No. 39058) 
(Reg. No. 29355) 
(Reg. No. 27407) 
(Reg. No. 36304) 
(Reg. No. 17765) 


Please address all correspondence to the Docket Administrator (Rm. 3C-512), Lucent 
Technologies Inc., 600 Mountain Avenue, P. O. Box 636, Murray Hill, New Jersey 07974-0636. 
Telephone calls should be made to Lester H Bimbaum by dialing 610-712-3782. 
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Full name of 1st joint inventor: IVIark M Meyers 

Inventor^s signature ^^ ^ ^^/^ ji^ ,Sw^yul^ ^\^ ^l^zh/ dZ^ 
Residence: Doylestown, Bucks County, Pennsylvania 
Citizenship: U.S.A. 

Post Office Address: 1 0 Cedarcrest Ct. 

Doylestown, Pennsylvania, 18901 

Full name of 2"" inventor: Stephen O'Brien 

Inventor's signature . %^ (^1^ Date V\ ^^/ imr 

Residence: Lower Macungie Township, Lehigh County, Pennsylvania 

Citizenship: United States of America 

Post Office Address: 1 328 Wynewood Road 

Lower Macungie Township, Pennsylvania, 1 8069 


